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(57) A glass base material, which is a preform of an 
optical fiber, comprising: a core; and a clad surrounding 
the core; wherein: a rate of change In a relative-refrac- 
tive-index-difference between the core and the clad in 
a longitudinal direction of the glass base material Is sub- 
stantially 6% or less. Similarly, an optical fiber is also 
claimed. Additionally claims are included for preforms 
and optical fibers defining an amount of change in 
M backscattering-light-coliect-coefficie^t ,, of 0.1 dB or less 
and in terms of a rate of change in a diameter of the core 
In a longitudinal direction of substantially 7% or less. 
There are also method claims for manufacturing pre- 
forms, optical fibers and for determining a cause of a 
defect in an unused optical fiber. 
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[0001] This patent application claims priority from a Japanese patent application, No. 2001-1 08941 filed on April 6, 
2001 , the contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the invention 

[0002] The present Invention relates to a glass base material, single mode optical fiber, a method for manufacturing 
thereof, and a method for detecting a defect thereof. More particularly, the present Invention relates to a glass base 
material, single mode optical fiber, a method for manufacturing thereof, and a method for determining a cause of defect 
thereof by which a part of an optical fiber that causes a transmission loss can be easily specified. 

2. Description of the Related Art 

[0003] As one of the methods to measure a transmission loss In an optical fiber, there Is a cutback method. The 
cutback method Inputs a light having a predetermined wavelength Into one end of an optical fiber and measures a 
power of light that exits from the other end of the optical fiber. Next, an incident side of the end of the optical fiber is 
cut for substantially 2 m. 

[0004] Then, a light having a predetermined wavelength Is Input Into one end of an optical fiber, which Is about 2 m 
in length, and a power of light that exits from the other end is measured again. A difference between the two powers 
of lights Is calculated. The difference of the two powers of lights is a transmission loss occurring In the remaining optical 
fiber, the power of light that traveling through which Is not measured. 

[0005] The cutback method can accurately measure an average transmission loss for the whole length of the optical 
fiber. However, It is difficult to measure a distribution of a transmission loss In the longitudinal direction of the optical 
fiber by the cutback method. The cutback method has the following disadvantage. In a case where the transmission 
loss Is high, the cutback method cannot obtain the Information whether the transmission loss is high over the whole 
length of the optical fiber or the transmission loss is high only on a part of the optical fiber. Also, the cutback method 
cannot detect the location of the part having a high transmission loss in the optical fiber. 

[0006] As another method for obtaining the information of transmission loss in the longitudinal direction of the optical 
fiber, there Is an OTDR (Optical Time Domain Refiectometer) method. The OTDR method measures a transmission 
loss in the optical fiber by Inputting a pulse light having a predetermined wavelength from one end of the optical fiber 
The OTDR method then measures a Raylelgh-scatterlng-llght, which is returned from a position of z of the optical fiber 
to one end of the optical fiber, to which the pulse light Is Input. The "z" Is a distance from the Incident end plane of the 
optical fiber. Hereinafter, the Raylelgh-scatterlng-llght Is referred to as a backscatterlng light 
[0007] The strength of the backscatterlng light P( X, Z) is calculated by the following equation (1 ). 



P 0 : strength of a propagation light at an incident end (z=0) 

a : Rayleigh-scattering-coefflcient, 

B: backscattertng-llght-coilect-coefficlent 

y : local transmission loss. 

[0008] When the equation (1) is transformed using a logarithmic value and Is expressed by a dB scale, the equation 
(1) is transformed into an equation (2). 



[0009] As shown In Fig. (2), the backscatterlng-light-strength S(X, z) changes according to the position "z° In the 
longitudinal direction of the optical fiber. Here, the Raylelgh scattering coefficient a is assumed to be substantially 




S(X,z) = 



10 log <J?(Kz) 




• • • (2) 
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constant along the longitudinal direction of the optical fiber when the transmission loss In the longitudinal direction of 
the optical fiber Is relatively stable. 

[0010] Fig. 1 shows an example of a result of typical OTDR measurement. A part, where the backscattering-llght- 
etrength S(X, z) simply decreases, Indicates that the characteristic of the transmission loss Is stable. The abrupt change 
s In the inclination of the line around z = 1 0,000 m Indicates that the abrupt Increase In the transmission loss occurs at 
the position z= 10,000 m. 

[001 1 ] As a cause of the abrupt increase in the transmission loss, such as a macro bending loss, which occurs when 
the optical fiber is bent by stress applied on the optical fiber. The transmission loss may abruptly Increase when there 
is a defect in the connection between two optical fibers. The region having a high transmission loss is not desirable 
10 for transmitting a light signal. It Is necessary to re-lay or re-connect the optical fiber In the region having a high trans- 
mission loss. 

[0012] It is difficult to accurately measure the transmission loss by the OTDR method If only one side of the back- 
scattering light, which is input to one side of the end of the optical fiber and returned to this side of the end of the optical 
fiber, is measured. Hereinafter, the measurement of the transmission loss by the OTDR method is referred to as OTDR 
f* measurement. 

[0013] As made clear from the equation (1), the factor, which Influences the strength of the backscattering light, is 
not limited to the transmission loss tfz). The fluctuation In the backscatterlng-llght-collect-coefflclent B(z) also Influences 
the strength of the backscattering light. Thus, the waveform of the light that propagates through the optical fiber fluc- 
tuates when the backscattering-light-collect-coefficient B(z) fluctuates. 
20 [0014] In order to measure a transmission loss accurately, the backscattering light Is measured from both ends of 
the optical fiber. Therefore, one backscattering -light-strength S^X, z) Is measured from one end of the optical fiber, 
and another backscatterlng-light-strength S 2 (X, z-L) Is measured from another end of the optical fiber. Thus, the values 
of the backscattering-llght-strength S^X, z) and S 2 (X, z-L) shown In the following equations (3) and (4) are obtained. 



25 



30 



S,(X,z) = 5logP 0l - a (X) + 51ogB(X,z)~10 (log e) f*y(x) dx ... (3) 



S^X.z-D^-SlogP^ a (X)-MogB(X,z) + 10(loge)fo(x)dx . . . (4) 



35 [0015] Then, a value of D(z) Is obtained by the following equation (5). As shown In equation (5), the factor of the 
backscattering-llght-collect-coefflclent B(z) Is canceled out by adding the values of the backscatterlng-llght-strengths 
S^X, z) and S 2 (X, z-L). Therefore, only the component of the transmission loss y remains in equation (5). 

40 D(z)-{S ! (^z) + S,(^z-L)}/2 

rZ • • • (5) 

= const, - 1 0(log e) J y (z)dx 

45 [0016] tf the optical fiber is In a condition where the optical fiber Is wound around a bobbin right after the manufacture 
of the optical fiber, It is possible to perform OTDR measurement from both ends of the optical fiber. However, It is 
extremely difficult to perform OTDR measurement from both ends of the optical fiber If the optical fiber Is formed into 
cable and Is laid linearly for more than 1 0 kilometers. 

[0017] Hence, In the actual construction site, it was difficult to specify the part, in which the transmission loss is 
50 occurred, by measuring the backscattering- light-strength S(X, z) from only one end of the optical fiber. If the backscat- 
terlng-light-strength S(X, z) Is measured from only one end, the part having a large backscattering-llght-collect-coeffl- 
clent B(z) maybe mistakenly considered as the part In which the transmission loss Is occurred. 
[0016] Thus, if there is a part having a large backscatterlng-llght-collect-coefficlent B(z) In the optical fiber, this part 
may be mistakenly considered to have a high transmission loss even if the transmission loss is actually low In this part. 



55 



SUMMARY OF THE INVENTION 

[0019] Therefore, It Is an object of the present Invention to provide an optical fiber capable of easily specifying a part 
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with a problem of transmission loss by OTDR measurement from only one end of an optical fiber and to provide an 
optical fiber base material to manufacture such a fiber and an evaluation method thereof. 

[0020] According to a first aspect of the present invention, a glass base material, which is a base material of an 
optical fiber, comprises a core; and a clad surrounding the core; wherein a rate of change In a relattve-refractlve-lndex- 
5 difference between the core and the clad in a longitu dlnal direction of the glass base material Is substantially 6 % or less. 
[0021 ] According to a second aspect of the present invention, an optical fiber comprises a core; and a clad surround- 
ing the core; wherein a rate of change in a relative-refractive-index-difference between the core and the clad in a 
longitudinal direction of the optical fiber Is substantially 6 % or less. 

[0022] According to a third aspect of the present Invention, an optical fiber comprises a core; and a ctad surrounding 
10 the core; wherein an absolute value of an amount of change In a backscatterlng-llght-collect-coefflclent ll(X , z)l in a 
longitudinal direction of the optical fiber Is substantially 0.1 dB or less. 

[0023] The optical fiber may have a region, which satisfies a relation of \\(X y , z)l < ll^, z)i ^ 0.1 dB at least in a part 
of a longitudinal direction of the optical fiber where \(\^, z) and l( X^, z) are the amounts of change in a backscattering- 
light-collect-coefflclent ll(X, z)l for two wavelengths ^ and X^, where < X^. 
15 [0024] The optical fiber may have a region, which satisfies a relation of I (X 1f z) = 0.8 x I (A^, z), at least In a part of 
a longitudinal direction of the optical fiber when the two wavelengths X 1 and X2 are substantially 131 0 nm and 1550 
nm, respectively. 

[0025] According to a fourth aspect pf the present Invention, a glass base material, which is a base material of an 
optical fiber, comprises a core; and a clad surrounding the core; wherein a rate of change in a diameter of the core in 
20 a longitudinal direction of the glass base material is substantially 7 % or less. 

[0026] According to a fifth aspect of the present Invention, an optical fiber comprises a core; and a clad surrounding 
the core; wherein a rate of change in a diameter of the core in a longitudinal direction of the optical fiber Is substantially 
7 % or less. 

[0027] According to a sixth aspect of the present Invention, an optical fiber comprises a core; and a clad surrounding 
25 the core; wherein an amount of change in a backscattering-light-collect-coefficient in a longitudinal direction of the 
optical fiber Is substantially 0.1 dB or less. 

[0028] The optical fiber may have a region, which satisfies a relation of IKX2, z)l < ll(X 1t z)l m 0.1 dB at least In a part 
of a longitudinal direction of the optical fiber where , z) and l( X 2 , z) are the amounts of change in a backscatterlng- 
llght-collect-coefflclent \{X , z) for two wavelengths X 1 and Xg, where X 1 < X^. 
30 [0029] The optical fiber may have a region, which satisfies a relation of I (X v z) = 2 x I (Xg, z) , at least in a part of 
a longitudinal direction of the optical fiber when the two wavelengths ^ and X^ are substantially 131 0 nm and 1550 
nm, respectively. 

[0030] According to a seventh aspect of the present invention, a method for determining a cause of defect In an 
unused optical fiber comprises measuring backscatterlng-light-strengths S(X, t , z) and SfX^, z) of the optical fiber for 

35 two wavelengths A, 1 and X^, where X^<7^ from both ends of the optical fiber; calculating an amount of change In a 
backscattering-light-coltetf -coefficient KXg, z) and l{X. 1( z) for the two wavelength X 1 and X^; comparing the amount of 
change in a backscattering-light-collect-coefficient l(X. 1t z) and i(X 2 , z) for the two wavelengths X y and X^ to examine 
whether the amount of change In a backscatterlng-Hght-collect-coefficlent l(X,.,, z) and l(X^ ( z) satisfy a predetermined 
relationship; and determining the cause of defect in the optical fiber according to the comparison. 

40 [0031 ] The comparing may examine whether the amount of change in a backscattering-llght-collect-coefflclent l(X 1t 
z) and KAs, z) satisfy a relationship of 11^, z)l > 0.1 dB, Hfo, z)l > 0.1 dB, and ll(A, 1( z)l < llfXg, z)l In the optical fiber; 
and the determining may determine that the cause of defect is In a rate of change In a relatlve-refractlve-lndex-dlfference 
of the optical fiber in a longitudinal direction when the relationships are satisfied. 

[0032] The comparing may examine whether the amount of change in a backscattering-light-collect-coefficient Ifo, 
45 z) and \(X h z) satisfy a relationships of \\(X^z)\ > 0.1 dB, ll(X^, z)l > 0.1 dB, and ll(X 1 , z) I > llfo, z)l in the optical fiber; 
and the determining may determine that the cause of defect is in a rate of change In a core diameter of the optical fiber 
In longitudinal direction when the relationships are satisfied. 

[0033] According to a eighth aspect of the present Invention, a method for manufacturing a glass base material, 
which is a base material of an optical fiber, comprises forming a clad around a core by accumulating glass particles 
50 on the core to form a porous-glass-base-materiai; sintering and dehydrating the porous-glass-base-material to form 
the glass base material; measuring a rate of change in a relatlve-refractive-index-difference between the core and the 
clad In a longitudinal direction of the glass base material; and removing the glass base material, the rate of change In 
a relatlve-refractlve-lndex-dlfference of which Is more than substantially 6 %, 

[0034] According to a ninth aspect of the present Invention, a method for manufacturing an optical fiber comprises 
55 drawing a glass base material, which is a base material of the optical fiber having a core and a clad that surrounds the 
core, to form the optical fiber; measuring a rate of change in a relative-refractive-index-difference between the core 
and the clad in a longitudinal direction of the optical fiber; and removing a part of the optical fiber, the rate of change 
In a relatlve-refractlve-lndex-dlfference of which Is more than substantially 6 %, 
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[0035] According to a tenth aspect of the present Invention, a method for manufacturing a glass base material, which 
Is a base material of an optical fiber, comprises forming a clad around a core by accumulating glass particles on the 
core to form a porous-glass-base-material; sintering and dehydrating the porous-glass-base-materlal to form the glass 
base material; measuring a rate of change in a diameter of the core In a longitudinal direction of the glass base material; 
5 and removing the glass base material, the rate of change in the diameter of the core of which Is more than substantially 
7%. 

[0036] According to a eleventh aspect of the present invention, a method for manufacturing an optical fiber comprises 
drawing a glass base material, which Is a base material of the optical fiber having a core and a clad that surrounds the 
core, to form the optical fiber; measuring a rate of change in a core diameter In a longitudinal direction of the optical 
to fiber; and removing a part of the optical fiber, the rate of change In the core diameter of which Is more than substantially 

7%. 

[0037] According to a twelveth aspect of the present Invention, a method for manufacturing an optical fiber comprises 
drawing a glass base material, which is a base material of the optical fiber having a core and a clad that surrounds the 
core, to form the optical fiber; measuring an amount of change In a backscatterlng-llght-collect-coefficlent In a longl- 
tudlnal direction of the optical fiber, removing the optical fiber, In which an absolute value of the amount of change In 
a backscatterlng-light-collect-coefflcient ll(A,, z)l is more than substantially 0.1 dB. 

[0038] The summary of the Invention does not necessarily describe all necessary features of the present invention. 
The present Invention may also be a sub-combination of the features described above. The above and other features 
and advantages of the present invention will become more apparent from the following description of the embodiments 
20 taken in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0039] Fig. 1 shows an example of a result of typical OTDR measurement. 

25 [0040] Figs. 2 shows the detailed procedure of the OTDR measurement method. 

[0041] Figs. 3A-3C show the change of the backscatterlng-llght-strength S(X, z) along the longitudinal direction of 
the optical fiber. 

[0042] Fig. 3D shows a value of D(z), which changes in a longitudinal direction of the optical fiber. 

[0043] Fig. 4A and 4B show the backscatterlng-llght-strength S(X, z), which Is measured from one end of the optical 
30 fiber. 

[0044] Fig. 4C shows a D(z) calculated by the equation (11). Fig, 4D shows an amount of change in the backseat- 
terlng-ltght-collect-coefflclent \{K z). 

[0045] Fig. 4E shows an MFD measured along the longitudinal direction of the optical fiber. 

[0046] Fig. 5 shows amounts of change in the backscatterlng-light-collect-coelTlclents \{X^ t z) and K^, z). 

35 [0047] Fig. 6 shows relative values of \{X^ t z) and KXg, z) . 

[0048] Fig. 7 shows the calculated relative value of l(X 1t z) and \{7^ t z). 

[0049] Fig. 8 shows measured values of l(X 1 , z) and l{X 1( z). Fig. 9 shows calculated relative values of \{X A , z) and I 

[0050] Fig. 10 shows a change of absolute or relative value of \(\ it z) and {(A^, z). 

40 [0051 ] Fig. 1 1 shows a flowchart of the manufacturing process of the optical fiber using the present embodiment. 



DETAILED DESCRIPTION OF THE INVENTION 



[0052] The invention will now be described based on preferred embodiments, which do not intend to limit the scope 
45 of the present Invention, but rather to exemplify the Invention. All of thefeatures and the combinations thereof described 
in the embodiments are not necessarily essential to the Invention. 

[0053] As one of the factors of the problem on the transmission loss of the optical fiber, there is a macro bending 
loss. This macro bending loss Is a phenomenon, In which a part of the light that propagates In the optical fiber escapes 
from the optical fiber when the optical fiber is bent with an order between 1 mm and 1 00 mm. This phenomenon of the 

50 macro bending loss is observed as a transmission loss. 

[0054] The degree of the transmission loss caused by the macro bending loss is different according to the condition 
of the distribution of the refractive Index of the optical fiber or the magnitude of the bending. 
[0055] Generally, there is a tendency such that the more the dend radius of the bent section of the optical fiber 
decreases, the more the degree of the transmission loss of the macro bending loss increases. Also, the more the length 

55 of the bent section increases, the more the degree of the transmission loss of the macro bending loss increases. 
Furthermore, the more the cutoff wavelength decreases, the more the degree of the transmission loss of the macro 
bending loss Increases. Furthermore, the more the mode field diameter Increases, the more the degree of the trans- 
mission loss of the macro bending loss Increases. Also, the more the transmission wavelength Increases, the more 
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the degree of the transmission loss of the macro bending loss Increases. 

[0056] It Is required that the micro bending loss against the bending of a diameter of 32 mm$ for one lap should be 
1 dBor less according to G. 652 of ITU-T (Telecommunication standardization sector of International telecommunication 
union), which Is an international standard. 
5 [0057] Another factor oT the problem on the transmission loss of the optical fiber Is a connection loss, The connection 
loss occurs when the overlapped two power distribution of the tight in two optical f to era are not matched with each 
other at the connection point of two optical fibers. One of the causes of the connection loss is a gap created between 
two-core axes of two optical fibers at the connection point of two optical fibers. 

[0058] For example, In a case of a typical single mode optical fiber having a step type refractive index distribution 
10 and a mode field diameter (MFD) of 9.2 ^m, the connection loss of 0.2 dB occurs when two core axes of two optical 
fibers are connected with a gap of 1 ^m, 

[0059] In the present Invention, the optical fiber itself Is made so that a part of the optical fiber having a transmission 
loss more than substantially 0.1 dB can be easily detected by measuring the Incidental light of one end using the OTDR 
measurement method. 

15 [0060] Figs. 2 to 4E show the detailed procedure of the OTDR measurement method. In Figs. 2 to 4B, the vertical 
axis indicates a backscatterlng-llght-strength S(X, z), and the horizontal axis Indicates a distance "z" from an incident 
end face of the optical fiber, V is a length of the optical fiber. In Fig. 4C, the vertical axis Indicates a D(z) calculated 
by the equation (11). The vertical axis of Fig. 4D Indicates l(X, z), which is an amount of change In a backscatterlng- 
light-collect-coefficient B(z). The vertical axis of Fig. 4E indicates a value of MFD. 

20 [0061 ] As shown in Fig. 2, the backscatterlng-light-strength S(X, z) decreases linearly in the longitudinal direction of 
the optical fiber when the transmission loss Is constant over the whole length of the optical fiber. 
[0062] Figs. 3A and 3B show the change of the backscatterlng-llght-strength S{X t z) along the longitudinal direction 
of the optical fiber when there is a part that has high transmission loss in the optical fiber. Here, Fig. 3A shows the 
backscatterlng-llght-strength S(X, z), which Is measured from one end of the optical fiber. On the other hand, Fig. 3B 

25 shows the backscattering-llght-strength S(X, z), which is measured from another end of the optical fiber. 

[0063] Fig. 3C shows the backscatterlng-llght-strength S(X, z-L). which Is obtained by reversing Fig. 3B In the hori- 
zontal direction. For example, the distance "z" of "0 M is on the left hand side In Fig. 3B, and It becomes the right hand 
sidein Fig. 3C. Also, the distance "z M of "L" is on the right hand side In Fig. 3B, and it becomes the left hand side in Fig. 3C. 
[0064] Fig. 3D shows a value of D(z), which changes in a longitudinal direction of the optica) fiber. The value of D(z) 

30 is calculated by the above-mentioned equation (5) from the values of the backscatterlng-llght-strengths S(X ,z) and S 
(X ,z-L) shown in Figs. 3A and 3C. In Fig. 3D, the inclination of D(z) increases greatly at the part marked by "X". 
Therefore, the part having a high transmission loss, which Is marked by "X", can be detected. 
[0065] Figs. 4A and 4B show the backscatterlng-llght-strengths S(X, z) along a longitudinal direction of the optical 
fiber when there is a part, in which the backscattering-light-coilect-coefficient B changes. Here, Fig. 4A shows the 

35 backscattering-llght-strength S(X, z), which Is measured from one end of the optical fiber. Fig. 4B shows the backscat- 
terlng-llght-strength S(X, z), which Is measured from another end of the optical fiber. 

[0066] In Figs. 4A and 4B, the inclination of the change in the backscattering-light-strength S(X, z) changes at the 
part marked by "Y" . Furthermore, the direction of the Inclination of the change In the backscattering-llght-strength S 
(X, z) is different between Figs. 4A and 4B. For example, In Fig. 4A, the backscatterlng-llght-strength S(X, z) decreases 
40 at the part marked by "Y H . In contrast, In Fig. 4B, backscatterlng-llght-strength S(X, z) Increases at the part marked by 

[0067] Fig. 4C shows the change in D(z) along the longitudinal direction of the optical fiber. Fig. 40 Is calculated 
from the values in Figs. 4A and 4B using the same method as explained in Figs. 3A to 3D. As shown in Fig. 4C, the 
change in the backscattering-light-strength S(X, z) at the part marked by W Y" is canceled out. Thus, the backscattering- 
45 light-strength S(X,z) decreases linearly for the whole length of the optical fiber. Therefore, as clearly shown In Fig. 4C, 
the transmission loss Is not changed at the part marked by "Y". Thus, It Is understood that the cause of the change In 
the Inclination of the backscattering-llght-strength S(X, z) Is not a transmission loss but a change in the backscatterlng- 
llght-collect-coefflclent B. 

[0066] Fig. 4D shows an amount of change in the backscattering-iight-collect-coefficient I (X, z). The amount of change 
so in the backscattering-light-collect-coefflcient l(X, z) is calculated by the following equation (6). 



ia,z)-{S I (X,z)-S 1 (X,z-L)}/2 . . ,( 6 ) 

= const. + 5 log B(X, z) 

55 

[0069] Also, the backscatterlng-light-collect-coefflclent B is calculated by the following equation (7). 
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B = {3/[4kVAn 2 ]}x{[J^(p 4 (r)rdr]/[j^(p 2 (r)rdr] a } • • • (7) 

5 

k: constant determined by a wavelength of propagated light 
a: core diameter 

An: retractive Index difference of an optical fiber 
$ : electrical field distribution of propagated light 
10 r: distance or radius from a center of an optical riber 

[0070] The cause of the fluctuation in the backscattering-llght-collect-coefflclent B is the fluctuation In mode field 
diameter (MFD). There is a relationship of B" [MFD]' 2 between the backscattering-light-collect-coefficient B and the 
MFD. 

f* [0071] Fig. 4E shows an MFD measured along the longitudinal direction of the optical fiber. An MFD Is measured by 
cutting an optical fiber along a longitudinal direction. It can be understood from Figs. 4D and 4E that the cause of the 
fluctuation in the l(X, 2) Is the fluctuation In the MFD value because when the MFD value abruptly changes at the part 
marked by "Y", the value of the \{K 2) also abruptly changes at the part marked by "Y". 

[0072] From a different point of view, if the fluctuation of the MFD in the longitudinal direction of the optical fiber Is 
20 reduced, the fluctuation In the backscatterlng-light-collect-coefflclent B In the longitudinal direction of the optical fiber 
Is also reduced. Thus, by reducing the fluctuation In the MFD in the optical fiber to reduce the fluctuation in the back- 
scatterlng-llght-collect-coefficlent B, the transmission loss in the optical fiber can be detected by measuring the back- 
scattering-light-strength S(X, 2) from only one end of the optical fiber. Therefore, it is possible to detect the part having 
a high transmission loss In the optical fiber by the OTDR measurement that measures the backscatterlng light from 
25 only one end of the optical fiber. 

[0073] There are two causes of the fluctuation In MFD. One of the causes is a fluctuation In a relatlve-refractlve- 
Index-dlfference An. The An Is calculated by the following equation. 



30 An = «n 1 -n 2 )/ ni } x 100 [%] (8) 

n.,: refractive index of core 
n 2 : refractive index of clad 

35 [0074] Another cause is a fluctuation in a diameter of a core of an optical fiber. 

[0075] A glass base material having a diameter between 10-200 millimeters was manufactured. Then, an optical 
fiber having a diameter of 120 urn is manufactured by heating and softening the glass base material and drawing the 
softened glass base material. 

[0076] The refractive index distribution of the glass base material is adjusted so as to have a similar shape with that 
40 of the optical fiber. The fluctuation of each parameter explained above, such as relative-refractive-index-difference An 
and a diameter of a core of an optical fiber, may occur In the phase of manufacturing the glass base material. The 
fluctuation of each parameter explained above may also occur in the phase of drawing the glass base material to be 
an optical fiber. 

[0077] That is, if the refractive index or the core diameter of a glass base material fluctuates in the phase of manu- 
45 facturing the glass base material, the refractive Index or the core diameter of the optical fiber manufactured from the 
glass base material also fluctuates almost the same as the glass base material. Even if the fluctuation of the refractive 
index or the core diameter is reduced in the phase of manufacturing the glass base material, the refractive index or 
the core diameter of the optical fiber may fluctuate if a speed of cooling an optical fiber during the drawing process 
fluctuates. 

so [0078] If the speed of cooling an optical fiber fluctuates during the drawing process, the condition of a residual stress 
Inside the optical fiber changes. Thus, the refractive index distribution of the drawn optical fiber also changes. Further- 
more, !f the diameter of the optical fiber fluctuates during the drawing process, the core diameter of the drawn optical 
fiber also changes. It is very difficult to cancel the fluctuation of the refractive Index distribution or the core diameter of 
the optical fiber by controlling the drawing process of the optical fiber if the refractive index distribution or the core 

55 diameter of the glass base material fluctuates. 

[0079] Therefore, in order to manufacture an optical fiber having small fluctuation in the above-mentioned parame- 
ters, It Is necessary to control the fluctuation of the above-mentioned parameters to a minimum during both the phase 
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of manufacturing the glass base material and drawing the glass base material Into the optical fiber. 
[0080] Furthermore, if a fluctuation of the above-mentioned parameters Is recognized In the glass base material by 
the tost, the glass base material is removed from the manufacturing process so that the glass base material having 
stable values of the above-mentioned parameters Is shipped. Furthermore, if a fluctuation of the above-mentioned 

5 parameters Is recognized In the part of the optical fiber by the test, the fluctuated part of the optical fiber Is removed 
in order to take out only the part of the optical fiber having a stable value of the above-mentioned parameters. 
[0081 ] Therefore, how an amount of fluctuation in the above-mentioned parameters, such as refractive index distri- 
bution or the core diameter, Influences on the fluctuation In the value measured by the OTDR measurement method, 
such as backscatterlng-llght-strength S( X , z), was researched. Especially, how the fluctuation ln s the refractive Index 

to distribution or the fluctuation In the core diameter Influences on the fluctuation In the backscatterlng-llght-collect-coef- 
flclent B was researched. 

[0082] First, a glass base material was formed by a VAD method. The relatlve-refractive-lndex-dffference An of the 
core of the manufactured glass base material was fluctuated from a reference value of relative-refractive-index-differ- 
ence An = 0.35 % in a longitudinal direction. This glass base material was drawn Into an optical fiber having a core 
15 diameter of 8 urn. The OTDR measurement Is performed on this optical fiber. 

[0083] Figs. 5 to 7 show a result of this OTDR measurement on the optical fiber, which is drawn from the glass base 
material having a fluctuated relatlve-refractlve-lndex-difference. 

[0084] Fig. 5 shows amounts of change in the backscatterlng-light-collect-coefflcients l(X t , z) and l^, z) for two 
wavelengths X t « 1310 nm and Xa= 1550 nrn calculated using the above-mentioned equation (6). The values of l(X 1( 
20 Z ) and KX2, z) are calculated for each position of "z" along a longitudinal direction of'the optical fiber. Then, the values 
of l(X 1t z) and l^, z) for each position of "z" are plotted on Fig. 5. 

[0085] Next, the value of the electrical field distribution $ of the optical fiber, which had a core diameter of 8 jim, was 
calculated by computer simulation. During the calculation of the electrical field distribution 4, the relative-refractive- 
Index-difference An fluctuated slightly from a reference value of the relatlve-ref ractlve-lndex-dlfference An = 0.35 %. 
25 [0086] Then, the backscattering-light-collect-coefficient B was calculated using the above-mentioned equation (7). 
Next, the value of l(X, z) is calculated using the equation (6). Finally, an absolute or relative value of l(X, z) is calculated 
by calculating a difference between the l(X, z), which is calculated using the fluctuated relatlve-refractlve-lndex-dlffer- 
ence An, and the reference l(X, z), which Is calculated using the reference value of the relatlve-ref ractlve-lndex-differ- 
ence An = 0.35 %. 

30 [0087] Fig. 6 shows relative values of l(X,, z) and KXg, z) for X 1 = 1310 nm and X2 = 1550 nm calculated by the 
computer simulation. It is clear from Figs. 5 and 6 that the inclination of the simulated relative value of l(X, z) is about 
the same as the Inclination of the measured relative value of l(X, z). 

[0088] Fig. 7 shows the change of the relative value of l(X 1( z) and l( Xg, z) with the rate of change in the relative- 
refractlve-lndex-dlfference An calculated by the computer simulation. The vertical axis shows an absolute or relative 

35 value of l(X 1( z) and KX,, z). The horizontal axis shows a rate of change in the relatlve-refractlve-lndex-difference An 
from the reference value of the relative- refractlve-lndex-dlfference An = 0.35 %. The solid line shows the relative value 
of z) for X 1 = 131 0 nm, and the broken line shows the relative value of l(Xs, z) for X2 = 1550 nm. 
[0089] It can be recognized from Fig. 7 that If the rate of change In the relative- refractive-Index- difference An Is 
substantially 1 .06 or less, that Is, substantially 6 % or less, the absolute or relative value of l(X 1 , z) and l(^, z) becomes 

40 substantially 0.1 dB or less. If the absolute or relative value of l(X, , z) is about 0. 1 dB or less, the connection loss can 
be detected by the OTDR measurement from only one end of an optical fiber. When the relatlve-ref ractlve-lndex- 
dlfference An fluctuates and the core diameter does not fluctuate, ll(^)l becomes larger than ll(X 1 )l. It can also be 
recognized from Fig. 7 that there is a relation between \(X A ) and \(X£ of l(Xj) =0.8 x l(^) when X, is 1310 nm and 
Xg is 1550 nm. 

45 [0090] Therefore, the glass base material or the optical fiber is manufactured such that the rate of change in the 
relatlve-refractive-lndex-dlfference An Is substantially 6 % or less, then the transmission loss In the optical fiber can 
be detected by the OTDR measurement from only one end of an optlcaJ fiber. Furthermore, the cause of thetransmlsslon 
loss can be detected by comparing the magnitude of llfX^I and 1 1(^)1 . 

[0091] Figs. 8 to 10 show the result of this OTDR measurement performed on the optical fiber manufactured from 
so the glass base material. This glass base material was manufactured such that the outside diameter of the glass base 

material was fluctuated by the surface treatment using hydrofluoric acid. Then, the glass base material was drawn to 

have an outside diameter of 125 u.m. Then, the optical fiber having the core diameter, which was fluctuated from a 

central value of 8 u,m, was obtained. The OTDR measurement was performed on this optical fiber. 

[0092] Fig. 6 shows measured values of l(X 1 , z) and l(X 1( z). Similar to Fig. 5, the amount of change In the backscat- 
55 terlng-llght-collect-coefflclent l(X, z) is measured for the two wavelengths X 1 = 1310 nm and X2 » 1550 nm varying the 

position M z M along a longitudinal direction of the optical fiber. Then, the measured values of l(X 1 , z) and l(X 1 , z)are plotted 

as In Fig. 8. 

[0093] Next, the value of the electrical field distribution <fr of the optical fiber, which had a core diameter of 8 urn, was 
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calculated by the computer simulation. During the calculation of the electrical field distribution 4, the relatlve-refractlve- 
Index-difference An was slightly fluctuated from a reference value of the relatlve-ref ractlve-lndex-dlfference An = 0.35 %. 
[0094J Then, the backscattering-llght-collect-coeff talent B was calculated using the above-mentioned equation (7). 
Next, the value of l(X, z) Is calculated using the equation (6). Finally, an absolute or relative value of l(X, z) Is calculated 
5 by calculating a difference between the l(X, z), which Is calculated using the fluctuated core diameter, and the reference 
l(X, z), which Is calculated using the core diameter of 8 \im. 

[0095] Fig. 9 shows relative values of Ifo, z) and l(^, z) for ^ = 1310 nm and Xg » 1550 nm calculated by the 
computer simulation, ft Is clear from Figs. 8 and 9 that the Inclination of the simulated relative value of l(X, z) shown In 
Fig. 9 Is about the same as the Inclination of the measured relative value of l(X ( z) shown In Fig. 8. 

10 [0096] Fig. 1 0 shows a change of absolute or relative value of l(X 1 , z) and l^, z) with the rate of change In the core 
diameter calculated by the computer simulation. The vertical axis shows an absolute or relative value of i(X 1t z) and I 
(Xjj, 2) . The horizontal axis shows a rate of change In the core diameter from the reference value of the core diameter 
of 8 u.m. The solid line shows the change of relative value of l(Xi, z) for X, = 1310 nm r and the broken line shows the 
change of relative value of l(X 2 , z) for Xg = 1 550 nm. 

15 [0097] It can be recognized from Fig. 1 0 that If the rate of change In the core diameter Is about 1 ,07 or less, that Is, 
substantially 7 % or less, the absolute or relative value of il^, z)l and llfXg, z)l become substantially 0.1 dB or less. 
When the relative-refractive- Index-difference An does not fluctuate, and the core diameter fluctuates, \\{X,)\ becomes 
larger than 11(^)1. It can also be recognized from Fig. 1 0 that there Is a relation between l(X 1 ) and IfXg) such that \[XJ 
= 2x KX^whenXi is 1310 nm and X2 is 1550 nm. 

20 [0098] Therefore, the glass base material or the optical fiber Is manufactured such that the rate of change In the core 
diameter Is substantially 7 % or less. Then, the transmission loss In the optical fiber can be detected by the OTDR 
measurement from only one end of an optical fiber. Furthermore, the cause of the transmission loss can be detected 
by comparing the magnitude of the absolute or relative values of \\(k v z)i and HfX^ z)l. 

[0099] For example, If ll(X 2 )l Is larger than ll(X 1 )l, the cause of the fluctuation in B is the fluctuation In the relative- 
's refractive-index-drfference An. Also, if ll(X 1 )l is larger than 11(^)1, the cause of the fluctuation in B is the fluctuation in 
the core diameter. 

[0100] Fig. 11 shows a flowchart of the manufacturing process of the optical fiber using the present embodiment. 
First, a porous-glass-base-materlal Is formed by forming a clad around a core by accumulating glass particles on the 
core (S200). Next, a glass base material Is formed by sintering and dehydrating the porous-glass-base-materlal (S202). 
so [0101 ] Then , the parameters of the glass base material are measured (S204). As examples of the parameters, there 
is a rate of change in a relative-refractive-index-difference in a longitudinal direction of the glass base material and the 
rate of change in the core diameter In a longitudinal direction of the glass base material. 

[0102] Then, the glass base material that has the defect part, In which the rate of change in a relative-refractive- 
Index-difference is more than substantially 6 %, is removed from the manufacturing process of the optical fiber. Also, 
35 the glass base materia) that has the part, In which the rate of change In the core diameter Is more than substantially 
7 %, is removed from the manufacturing process of the optical fiber (S206). Next, the glass base material Is drawn Into 
an optical fiber (S210). 

[0103] Then, the parameters of the optical fiber are measured (S212). As examples of the parameters, there is a 
rate of change In a relatlve-refractlve-lndex-dlfference In a longitudinal direction of the optical fiber and the rate of 

40 change In the core diameter in a longitudinal direction of the optical fiber. 

[0104] The cause of defect in an optical fiber can be determined as following. First, the backscatteilng-llght-strengths 
S(X 1p z) and S(X2, z) of the optical fiber for two wavelengths X 1 and X^ t where Xj < Xg are measured from both ends 
of the optical fiber. Then, an amount of change in the backscattering-light-collect-coefficients l^, z) and l(X 1( z) for 
the two wavelengths Xt and Xg are calculated. Then, the amount of change in the backscattering-llght-collect-coeffi- 
dents IfXj, z) and Ifo, z) for the two wavelengths X i and Xg are compared to examine whether the amount of change 
In the backscattering-llght-collect-coefflclents l(X 1f z) and l^, z) satisfy a predetermined relationship. 
[0105] For example, In this comparing process, whether the amount of change In the backscatterlng-llght-collect- 
coefflclents l(X „ z) and Ifo, z) satisfy a relationships of ll(X 1 , z)l > 0.1 dB, ll^, z)l > 0.1 dB, and ll(X 1 , z)l < liptg, z)l 
in the optical fiber Is examined. Then, it is determined that the cause of defect is in a rate of change in a relative- 

50 refractive-index-difference of the optical fiber in a longitudinal direction when the relationships of i l(Xj , z)l > 0. 1 dB and 
IKXa, z)t > 0.1 dB, and ll(X 1( z)l < ll^, z)i are satisfied. 

[0106] Furthermore, In this comparing process, whether the amount of change In the backscatterlng-llght-collect- 
coefficients l(X 2 , z) and l(X n , z) satisfy a relationships of ll(X 1 , z) I > 0,1 dB, IKX* z)l > 0.1 dB, and ll(X lP z)l > ll^, z) 
I In the optical fiber Is examined. Then, It Is determined that the cause of defect Is In a rate of change in a core diameter 
55 in longitudinal direction of the optical fiber when the relationship of ll(X 1r z)l > 0.1 dB, HJXg, z)l > 0.1 dB, and ll^, z)l 
>II(X2, z)l are satisfied. 

[0107] Then, the defect part of the optical fiber, In which the rate of change In a relative-refractive- Index-difference 
In a longitudinal direction of the optical fiber is more than substantially 6 %, is removed from the manufacturing process 
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of the optical fiber. Also, the optical fiber that has the part, in which the rate of change In the core diameter Is more 
than substantially 7 %, Is removed from the manufacturing process of the optical fiber (S214). 
[0108] Therefore, according to the above-explained process, an optical fiber having an absolute or relative value of 
ll(X, z)l, which Is substantially 0.1 dB or less, can be obtained. Therefore, It becomes possible to specify the part, In 
5 which the transmission loss is occurred, by measuring the backscatterlng -light-strength S(X, z) from only one end of 
the optica) fiber. 

[0109] Although the present invention has been described by way of exemplary embodiments, it should be under- 
stood that many changes and substitutions may be made by those skilled In the art without departing from the spirit 
and the scope of the present Invention which is defined only by the appended claims. 

10 

Claims 

1 . A glass base material, which is a base material of an optical fiber, comprising: a core; and a clad surrounding said 
15 core; 

characterized In that a rate of change In a relatlve-refractlve-index-difference between said core and said 
clad In a longitudinal direction of the glass base material Is substantially 6 % or less. 

2. An optical fiber, comprising: a core: and a clad surrounding said core; 

20 characterized in that a rate of change In a retative-refractlve-index-difference between said core and said 

clad In a longitudinal direction of the optical fiber is substantially 6 % or less. 

3. An optical fiber, comprising: a core; and a clad surrounding said core; 

characterized In that an absolute value of an amount of change In a backscattering-llght-collect-coefflclent 
25 || (X, z)l in a longitudinal direction of the optical fiber is substantially 0.1 dB or less. 

4. An optical fiber as claimed In claim 3, characterized In that the optical fiber has a region, which satisfies a relation 
of llfXj, z)l < llfc, z)l ^ 0.1 dB at least In a part of a longitudinal direction of the optical fiber where l(X 1( z) and I 
( X 2 . z ) are saW amounts of change In a backscatterlng-llght-collect-coefflclent II (X, z)l for two wavelengths X 1 and 

30 Xg, where < 

5. The single mode optical fiber as claimed In claim 4, characterized In that the optical fiber has a region, which 
satisfies a relation of I (X 1t z) = 0.8 x I (Xa, z), at least In a part of a longitudinal direction of the optical fiber when 
said two wavelengths X., and Xg are substantially 1310 nm and 1550 nm, respectively. 

35 

6. A glass base material, which Is a base material of an optical fiber, comprising: a core; and a clad surrounding said 
core; 

characterized In that a rate of change in a diameter of said core In a longitudinal direction of the glass base 
material Is substantially 7 % or less. 

40 

7. An optical fiber, comprising: a core; and a clad surrounding said core; 

characterized In that a rate of change In a diameter of said core In a longitudinal direction of the optical 
fiber is substantially 7 % or less. 

45 s. An optical fiber, comprising: a core; and a clad surrounding said core; 

characterized In that an absolute value of an amount of change In a backscatterlng-llght-collect-coefflclent 
ll(X, z)l In a longitudinal direction of the optical fiber Is substantially 0.1 dB or less. 

9. An optical fiber as claimed in claim 8, characterized In that the optical fiber has a region, which satisfies a relation 
so of ll(X2, z)l < Wfo , z)l ^ 0.1 dB at least in a part of a longitudinal direction of the optical fiber where z) and l( ( 

X 2 , z) are said amounts of change in a backscatterlng-ilght-collect-coefflclent l(X , z) for two wavelengths X, and 
Xg, where <, Ag. 

10. The single mode optical fiber as claimed in claim 9, characterized in that the optical fiber has a region, which 
S5 satisfies a relation of I (X 1 , z) = 2 x I (X^ z), at least in a part of a longitudinal direction of the optical fiber when 

said two wavelengths X 1 and Xg are substantially 1310 nm and 1550 nm, respectively. 

1 1 . A method for determining a cause of defect in an unused optical fiber characterized In that the method comprising: 
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measuring backscatterlng-llght-strengths , z) and Sfo. z) of said optical fiber for two wavelengths ^ and 
*2, where X, < Xa from both ends of said optical fiber; 

calculating an amount of change In a backscatterlng-llght-coliect-coefflclent 1(^2, z) and l(X 1( z) for said two 
wavelength X 1 and A^; 

comparing said amount of change In a backscatterlng-llght-collect-coefflclent 1^, z) and KXg, z) for said two 
wavelengths X t and X2 to examine whether said amount of change In a backscattering-llght-collect-coefflclent 
l(X 1( z) and l^. z) satisfy a predetermined relationship; and 
determining said cause of defect In said optical fiber according to said comparison. 

12. A method as claimed In claim 11 , characterized In that: 

said comparing examines whether said amount of change in a backscatterlng-llght-collect-coefflclent l(X 1f z) 
and ifa, z) satisfy a relationship of ll(X 1( z)l > 0.1 dB, ll(X^ ( z)l > 0.1 dB, and Ufa, z) I < Wfa, *) I in said optical 
fiber; and 

said determining determines that said cause of defect Is In a rate of change In a reiatlve-refractlve-lndex- 
dlfference of said optical fiber in a longitudinal direction when said relationships are satisfied. 

13. A method as claimed in claim 11 , characterized In that: 

said comparing examines whether said amount of change In a backscatterlng-llght-coiiect-coefflclent z) 
and \fa % z) satisfy a relationships of H(Xt , z)l > 0.1 dB, \\fa t z) I > 0.1 dB, and Ufa, z)i > \\fa t z)l In said optical 
fiber; and 

said determining determines that said cause of defect is in a rate of change in a core diameter of said optical 
fiber In longitudinal direction when said relationships are satisfied. 

14. A method for manufacturing a glass base material, which is a base material of an optical fiber, comprising: 

forming a clad around a core by accumulating glass particles on said core to form a porous-glass-base-ma- 
teiial; 

sintering and dehydrating said porous-glass -base-material to form said glass base material; 

characterized In that the method further comprising: 

measuring a rate of change in a relative- refractive-index-difference between said core and said clad In a lon- 
gitudinal direction of said glass base materia}; and 

removing said glass base material, said rate of change In a relative-refractlve-lndex-dlfference of which is 
more than substantially 6 %. 

15. A method for manufacturing an optical fiber, comprising: 

drawing a glass base material, which is a base material of said optical fiber having a core and a clad that 
surrounds said core, to form said optica! fiber; 

characterized In that the method further comprising: 

measuring a rate of change In a relative- ref ractlve-lndex-dlfference between said core and said clad In a lon- 
gitudinal direction of said optical fiber; and 

removing a part of said optical fiber, said rate of change In a relative-refractlve-lndex-difference of which Is 
more than substantially 6 %. 

16. A method for manufacturing a glass base material, which Is a base material of an optica! fiber, comprising: 

forming a clad around a core by accumulating glass particles on said core to form a porous-glass-base-ma- 
terial; 

sintering and dehydrating said porous-glass-base-material to form said glass base material; 
characterized In that the method further comprising: 
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measuring a rate of change In a diameter of said core In a longitudinal direction of said glass base material; and 
removing said glass base material, said rate of change In said diameter of said core of which Is more than 
substantially 7 %. 

17. A method for manufacturing an optical fiber, comprising: 

drawing a glass base material, which is a base material of said optical fiber having a core and a clad that 
surrounds said core, to form said optical fiber; 

characterized In that the method further comprising: 

measuring a rate of change In a core diameter in a longitudinal direction of said optical fiber; and 
removing a part of said optical fiber, said rate of change in said core diameter of which is more than substantially 
7%. 

18. A method for manufacturing an optical fiber, comprising: 

drawing a glass base material, which Is a base material of said optical fiber having a core and a clad that 
surrounds said core, to form said optical fiber; 

characterized In that the method further comprising: 

measuring an amount of change In a backscattering-llght-collect-coeff teient In a longitudinal direction of the 
optical fiber, 

removing said optical fiber, in which an absolute value of said amount of change in a backscattering-light- 
collect-coefflclent ll(X, z)l Is more than substantially 0.1 dB. 



30 



35 



40 



45 



50 



10 



15 



20 



12 



EP 1 247 783 A2 



30 
28 



1 — 1 
CD 

S 


26 i - 


M 


24 - 


E 






22- 


CO 


20 - 


TT 




18- 


oo 




16 - 




14 o L 



5000 



i: 



0000 



5000 20000 25000 



RELATED ART 
FIG. 1 



13 



EP 1 247 783 A2 




FIG. 2 



14 



EP 1 247 783 A2 



FIG. 3A FIG. 3C 



S(A.z) 


x 


SU.z-L) 


X 


L_ 


0 


»■ z 


L 


- 


L ^ z-L 


0 


FIG. 3B 




FIG. 3D 




-a 
«* 


X 




IM 






CO 
( 


) > z 


L- 

L 


o 

( 


X 

) * z 


L- 

L 



15 



EP 1 247 783 A2 



FIG 4A FIG. 4D 




FIG. 4B FIG. 4E 




0 > Z L 



16 



EP 1 247 783 A2 




FIG. 5 



17 



EP 1 247 783 A2 



0.16 
0.14 
0.12 

^ 0.08 
0. 06 
0.04 
0.02 



TP 




TTT 


-TTT" 


"ITT 


■1 IT 

> 


/" 


» 1 1 


- 














- 


• 








y 

/ 






- 








l 














/ 


























« 






















1 1 1 




...i l i 




■ 1-1 > 





0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 
I (A j.zHdBJ 



FIG. 6 



18 



EP 1 247 783 A2 



0.2 



^ 0.15 



o. i 



0. 05 



— r t r- 
— 


' T 1 1 


1 1 1 


-ITT 


TTT 


— T-IT 
j 

/ 
/ m 




- 






s 

s 

s 


















- // 












0 2 ' 






B 1 


0 1i 



RATE OF CHANGE IN An 



/7£ 7 



19 



EP 1 247 783 A2 



0.1 




FIG, 8 



20 



EP 1 247.783 A2 



"0- 16| I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

-0.141 

-o. 12- : 




0 -0. 02 -0. 04 -0. 06 -0. 08 -0. 1 -0. 12 -0. 14 -0. 16 
I (A j.zHdB] 



FIG. 9 



21 



EP 1 247 783 A2 




FIG. 10 



22 



EP 1 247 783 A2 



C START J 



FORMING 

POROUS-GLASS-BASE-HATER I AL 



DEHYDRATING AND SINTERING 
POROUS-GLASS-BASE-MATER I AL 



MEASURING PARAMETERS IN 
GLASS BASE MATERIAL 



REMOVING GLASS BASE MATERIAL 
HAVING DEFECT 



DRAWING GLASS BASE MATERIAL 



MEASURING PARAMETERS IN 
OPTICAL FIBER 



REMOVING DEFECT PART IN 
OPTICAL FIBER 



d*0 



FIG. 11 



23 



